Abstract-In the literature many claims are formulated about what might be accomplished in actual teaching practice when computers are used in a proper and intensive way. Therefore, in this study we analyse how three leading schools in the lower general secondary education sector in The Netherlands are using computers in their curriculum. The resuhs show that these schools have hardly passed the stage of grassroot developments. To validate and possibly generalize these results we did, as a follow up study, a telephone survey with a larger group of leading schools. The survey confirmed the outcomes of the case studies.
INTRODUCTION
Nowadays, computers are widespread in schools in Western Europe and Northern America, Becker[l] , for example, reports that computers are used for instruction in more than 90% of U.S.-high schools. In The Netherlands in 1986, 69.3% of the schools in lower secondary education were using computers for instruction [2] , while a national plan of action will result in equipping 100% of the schools doing so by the first half of 1989 [3] . Similar developments are taking place in other countries.
Next to the "old" problems related to the introduction of computers in education, i.e. to train teachers adequately and to provide for sufficient educational software and hardware [4] , these developments are resulting in a growing attention to the curricular consequence and implementation aspects of the introduction of computers in education [5] .
With respect to the curricular aspects, many claims are formulated in the literature about possible consequences of using computers properly and intensively. Some of these claims are:
-educational goals and objectives may change in the direction of more emphasis on productive skills (as opposite to reproductive skills) like problem solving, information handling, inquiry skills, etc. [6-g] .
-the content of the curriculum may change towards more opportunities for students to work on more real-life problems [ 10,111; -the teaching strategies and, as a consequence, the role of teachers may change[l2]; -students will work more in small groups, or individually at the computer[l3], in different locations and for different periods of time; -the assessment of students' achievement may change [ 14,151. With respect to the implementation of computer use by schools and teachers, one may suspect that an important part of the disappointments when introducing computers in schools [16] is due to paying insufficient attention to factors which play a crucial role in implementing educational changes, see, for example, [l7-191. There are hardly any reported empirical data about whether and how schools and teachers are integrating computers in their daily practice and what factors are determining successes and failures.
Surveys like those of Becker[l] and the Dutch Inspectorate [2] give rise to the expectation that in many schools some degree of integration of the computer in the curriculum of existing subjects may be expected. It is therefore worthwhile to study the changes which took place in these schools, to trace the factors which were determining these changes and to investigate what further developments might be expected.
RESEARCH QUESTION
The central question in this study is what changes are taking place in the curricula of existing school subjects as a consequence of the integration of computers in these curricula?
First the concepts of curriculum and integration of computers will be defined. A curriculum means almost literally "a plan for learning" [tO] . We will restrict ourselves mainly to curricula on the level of the concrete teaching-learning situation. The products and documents on this level are referred to as curricula materials or, when software is included, courseware. We can distinguish curriculum components or dimensions [21, 22] , such as objectives, content, instructional strategies (including methods and media), grouping patterns, materials, student evaluation, time, and space. When we are talking about computers in the curriculum, we are in principle referring to all eight components of the curriculum. Integration of computers in school curricula may affect any of these components.
Integration of computers in education
In agreement with Mudd and Wilson[23] a quantitative and a qualitative dimension can be distinguished in describing the degree of integration of computers in a school's curriculum [24] . The quantitative aspect refers to descriptive variables indicating the frequency and intensity of computer used. For example, at the school level we may think of the number of subjects, grades, classes per grade, teachers per subject, and numbers of students (all or a special group) who use school computers. Quantitative integration within subjects refers to variables such as the frequency of use per student per time period, the time spent on the computer each time it is used, and the number of software packages being used. Qualitative aspects are those referring to types of objectives; to teachers' activities or the lesson phases in which the computer can be used (such as presentation of new subject matter, practising, testing, feedback); to students' activities; and to the "level" or complexity of computer applications, which may vary from a relatively low level of drill and practice or word processing to more sophisticated applications such as simulations or computer coaches. The integration of the computer in the curriculum in both quantitative and qualitative aspects can be discussed for each of the abovementioned curriculum manifestations.
Without trying to construct a measure for the integration of the computer in the curriculum, we shall, after investigating the use of computers in a school, give an indication of the degree of integration of computers in the curricula of Dutch secondary schools.
RESEARCH DESIGN
In this study we will restrict ourselves to Dutch junior secondary (non-vocational) schools. A further restriction is that only the use of computers in existing subjects was studied (which implies, for example, the exclusion of computer use in new courses like computer literacy or informatics).
From the survey of the Inspectorate[Z] it was known that, although many schools are having computers, the use of computers in regular courses is very limited. To enlarge the chance to observe changes in the curriculum in schools as consequences of computer use, it was decided to focus the study on schools which could be considered as "leading schools" with respect to computer use.
To be able to analyse computer use in schools in depth, and given the exploratory character of the study a case study methodology is appropriate. In this study we applied an embedded multiple case design [25] . From the survey and interviews of the Dutch Inspectorate[2], the Inspectorate selected three schools in the sector of lower secondary education, which could be considered as leading schools. The selected schools were willing to cooperate in the case study.
To be able to generalize the results of the case studies, and to correct for possible bias in the selection of the leading schools by the Inspectorate, it was decided to do a follow up of the case studies by means of a telephone surcey among a sample of leading schools.
For the case studies in each of the three schools the following procedure was used. The principal and the computer coordinator of the school were interviewed in order to collect context information about, for example, the history, policy and the degree of computer use at school level, the available facilities, and information about the factors which (according to, for example, Fullan [ 171) influence the implementation of an innovation. The computer coordinator was asked to indicate the three subjects in which the computer was being used the most, and then for each subject, a teacher who used the computer, as well as a teacher who did not use the computer, was interviewed. The "using" teachers gave information about how they were using computers, what changes had taken place in their curriculum as a consequence of this use, and what factors influenced their use. The "non-using" teachers gave their arguments for (still) being a non-user. Besides, for each selected subject, some lessons in which the computer was used were observed, as well as some other lessons. Furthermore, documents on the school's policy about computer use and curricular materials (including educational software) were analysed.
We sometimes had to deviate from this procedure, due to the circumstances in the schools; e.g. in one of the schools the computer was only used in two subjects.
As instruments for the case studies several questionnaires were developed to serve as a checklist during the interviews. Furthermore, checklists were constructed to analyse software and other materials which were used in the classroom, as well as for the observation of the lessons, so that changes in the level of curriculum-materials and in the operational level could be established. To take care of the validity of the case studies, several sources and methods were used to collect the same information and the draft reports of the case-studies were checked for completeness and correctness by the interviewed persons. The procedure for data collection, the checklists for the interviews, and storage of the collected data in a database (so that they were available for systematic analysis) contribute to the reliability of the study.
The telephone sumy followed the case studies to validate and to investigate the generalizability the results of the case studies. From other studies [2, 24] we knew that in the sector of junior general secondary education, 28 schools could be considered as leading schools. As 7 of these schools were already involved in other research projects of our institute, 21 schools were eligible for this survey; 16 were willing to cooperate.
A school questionnaire and a teacher questionnaire were used as instruments; both instruments to be answered in maximal 15 min. The school questionnaire, answered by the school's computer coordinator, asked for the degree of integration of the computer in the curriculum and for implementation influencing factors, both at school level. The teacher questionnaire was answered by the teacher who was according to the computer coordinator, the most intensive computer using teacher at the junior level in the school. The teacher questionnaire addressed the same topics. but at the micro-level, i.e. the level of the operational curriculum of that particular teacher.
Data collection took place in the course year 1986/1987 (case studies) and 1987/l 988 (telephone survey).
RESULTS
In this section the national context and some characteristics of the case study schools will first be presented, and this may serve as an interpretation context for the remaining results. Next, computer facilities and use on school level, the existing conditions for implementation and computer use on subject matter level will be discussed. Finally, changes in the curriculum will be analysed on the curricular variables, as mentioned in Section 2.
National and school context
A National Informatics Stimulation Plan, a j-year program, was executed in The Netherlands from 1984 till the end of 1988. The educational part directed at general secondary education was a cooperation of the government, the proper authorities of the schools, and some computer manufacturers.
The goals were to provide each lower secondary school with 9 MS/DOS microcomputers in a Local Area Network (LAN) and two additional machines, to train three teachers per school in the use of computers in education (familiarization course) and to provide a national infrastructure for software development. The provision of all schools with the same type of hardware will self-evidently lead in the near future to a certain standardization of hardware.
The three schools in the case study are in the sector of general secondary education; two of them, viz. A and B, were already provided with hardware and had three teachers trained in the context of the national plan at the time of data collection. It should be noted that all schools (private as well as public ones) in The Netherlands are paid for by the government; schools may also raise funds by themselves, e.g. via an extra contribution by the parents.
Some characteristics of the case study schools are:
School A: private, part of an organization with 49 schools in several cities; contains pre-university and higher general secondary education; grade range 1-6, age range 12-18; 67 teachers; 1180 students. School B: public; contains pre-university education, higher and middle general secondary education; grade range l-6, age range 12-18; 100 teachers; 1700 students. School C: private, part of an organization with three schools in one city; contains middle general secondary education only; grade range l-4, age range 12-16; 21 teachers; 274 students.
Although two of the schools have a grade range of l-6, the case studies were restricted to the lower secondary education grades, i.e. grades l-3. It is important to stress that school A is part of a large private association which governs many schools. Of the survey schools, 5 are of the same type as school A, 7 of the type of school B, and 4 of the type of school C. The sizes of the three case study schools are within the range of the survey schools.
Computer facjfities and uses in the schools
Before discussing the use of computers in the three case study schools, we first present an overview of the available facilities:
School A: 13 Commodore-64 and 13 IBM-MS/DOS computers. 8 Commodores are placed in a LAN as well as 8 IBMs, both LANs are placed in the computer laboratory for students. Most of the other computers are placed in the computer laboratory for teachers. School B: New Brain computers and 28 Philips-MS/DOS computers. Of the Philips computers, 22 are placed in a computer laboratory and 9 of those in a LAN. School C: 9 TANDY computers, of which 8 in a LAN in the computer laboratory.
As a consequence of the grassroots developments, which started before the execution of the national informatics stimulation plan, different computer types are present in the schools. Schools A and B acquired their MS/DOS machines not only as part of the national scheme, but also as part of other projects in which they participated. The organization of the computers in school B allows for using computers with a full class (1 or 2 students per machine) which is more optima1 as compared to schools A and C (2 or 3 students per machine). It should be noted that school A does possess the hardware to create a more optimal situation in terms of computer : student ratio. Schools A and C are "early" users, they started using computers in 1974 and I975 respectively, while school B got involved in a special project in 1983. Table 1 summarizes the available facilities in the schools (including personnel resources), available software and in which subjects, grades and by how many teachers these are used.
From this table, we see that school A is active with computers in many more subjects than the other two schools; also a relatively higher number of teachers in school A is involved. It should further be noted that there are great differences between the schools in the choice of subjects and grades in which computers are being used; this confirms that there is clearly no centralizing tendency in the Dutch national policy which is directing schools.
Almost all the software used is developed within the school, which points to an overall lack of software in the public domain.
All schools do have a computer coordinator, but only in school A this person has less than a normal teaching load to be able to coordinate computer activities. The number of periods for other teachers to spend on computer-related activities is also the largest in this school.
The teachers in school C received only an internal programming course before starting to use computers. The other schools organized internal introductory courses on how to use computers, while as part of the national scheme, three teachers per school were allowed to take part in an external course. No teachers of school C participated in other external courses, although they were available. From Table 1 , it can be concluded that in school A computer use in french, mathematics and mother tongue is especially for lower ability students; in this school, it was decided to restrict the use of computers mainly to teaching outside the normal classes for remedial purposes.
In summary, we may conclude that only in school A a certain degree of integration of computers in the school can be observed; in the other schools, the developments~ven when they have lasted for several years as in school C-are very modest. In these schools, one cannot speak of any real integration of computers in the school curriculum.
Casrr srudy s&o& ~~~~~~~~ wtilh suraey s&o&. When we compare the case study schools with the survey schools on the number of computers they have (Fig. 1) we may conclude that the case study schools are well spread over the distribution of number of computers per school. The relative favourable position of school A is clear from this figure.
From Table 1 we know in which subjects in the case study schools the computer is used. Looking at the number of subjects the computer is used in, Fig. 2 illustrates again that the case study schools are well spread over the distribution of all schools, From the telephone survey we know that in the survey schools computers are mostly used for only one grade per subiect. Based on Fig. 3 we can draw a similar conclusion about the number of teachers in each &ho01 who are using the computer: schools B and C do not deviate much from the other schools, but school A has the highest number of computer using teachers of all schools under investigation. Fourteen of the 16 survey schools do have a computer coordinator.
Comparing the case study schools with the survey schools, we may conclude that both type of schools are not differing much in the integration of computers in their curricula. This means a validation of our earlier conclusion that, although in the leading schools many activities with computers are taking place, one cannot speak of a real integration of computers in the schools' curriculum.
Factors influencing implementation
The question may be asked which factors are determining this rather disappointing picture of integration of computers in the curricula of schools who are considered by the inspectorate as leading schools. Summarizing the literature on the implementation of innovations, Fullan 1181 concludes: "It is known that change in practice occurs when certain elements occur in combination: attention to the development of clear and validated materials; active administrative support and leadership at the district and especially the school level; focused, ongoing inservice or staff development activities; the development of collegiality and other interaction-based conditions at the school level; and the selective use of external resources (both people and materials)". Data collected in the three case study schooh on many of these elements are summarized in Table 2 .
Some conclusions can be drawn from these data. First, none of the schools has a clear educational vision of what they would like to achieve with the new technologies; the statements are vague, there is no written policy presenting "leading ideas" which may structure activities on school level. Given Fullan's elements, we can say that -there is a need for materials, also for time for teachers; -there is administrative support on school level, but the administration is merely stimulating that something should be undertaken and not "what, why and how" (schools I3 and C reported also organizational problems on how to use the computers); it is illustrative that in one of the schools the administration reported no problems, while the computer coordinator mentioned the lack of policy at school-level as one; -we concluded earlier that the national scheme is imposing some conditions at school level, but it is not including directions for the developments at school level; this was also manifest from the interviews; -there is not a continuous ongoing process of staff deveIopment in the schools; -there is limited use of external resources, e.g. almost all software of selfmade (Table 1) and training is mainly internal.
Survey schools were also asked which factors were inhibiting the computer use in their schools. Table 3 summarizes the results; eight possible factors were presented to the respondents, under "remaining" spontaneously mentioned factors are summarized.
In the survey schools the amount and quality of software are mentioned as the main inhibiting factors. Further, lack of hardware and inservice training facilities appear to be problems. These problems are also mentioned in the case study schools. It is remarkable that in the survey schools the resistance of colleagues against computers, and the small number of computer using teachers are mentioned as constraining factors. These factors are not mentioned in the case study schools.
Although our design does not allow for inferring causal links between variables, it is clear that most of the conditions mentioned by Fullan are not fulfilled in the leading schools. The case study and the survey schools do not differ much in this respect. As this conclusion at school level does not exclude that computer use is integrated in some subject matter domains, we decided to analyse developments in three subjects per case study school and in one subject per survey school, the results of which will be discussed in the next section.
Computer integration on micro-level
For each case stua" school, three subjects were selected in which the computer is used relatively intensively. Table 4 contains some data about computer use in these subjects.
In school A a policy decision was made to use the computer predominantly for remedial purposes outside the regular lessons in a computer lab. Therefore, the use of computers was restricted to the group of low achieving students who were offered additional practice by using drill and practice software. The average frequency of use per student is about five times per year (calculated over a whole class), but there were students who were working 15 times per year with the computer, as well as students who were not working at the computer at all; In mathematics the computer is used for another purpose: 15 times a year students took a diagnostic test. The percentage of subject matter for which (remedial) courseware was available differs enormously: 99% of the French curriculum in grades 1, 2 and 3, while for mother tongue this was 25% (grade 1) and 10% (grade 3), and for mathematics 40% (grade 1 and 2).
School B had, at the time of data collection, only one piece of courseware for physics, which was used only one lesson period per year in grade 2. Two teachers used the computer for word processing in their grade 2 classes as part of an experiment to integrate computer literacy with mother tongue. During 12 lesson periods students were familiarized in the use of the word processor and also spelling practices and texts summaries (in a drill and practice mode).
The pattern of use of the computer in school C was that the first half of the lesson teaching took place in the normal classroom, while the class moved for the second part to the computer classroom to practice with the computer. There were only five pieces of courseware for french, and one for mathematics. In the music lessons the computer was used as a tool for writing and playing music; for this application the private computer of the teacher was used, as the school computers are not appropriate for this.
In summary, we may conclude that computers are not frequently used and that the use is often of the drill and practice type. Furthermore, with respect to the use of computers in school A in french, mathematics and mother tongue, it should be noted that the use is not during class periods, but only outside the class for remedial activities with low achieving students. Although a lot of activity is going on in the case study schools, no other conclusion can be drawn than that we cannot as yet speak of a real integration of the computer in existing courses.
Looking for possible explanations for this lack of integration, 9 teachers (1 teacher for each selected subject in each school) were asked which problems they encountered in using computers, by checking from a list of twelve possible problems those which are most important for them. Teachers who actively use computers, most frequently mention as their problems a lack of software, curricular materials, hardware, availability of time and organizational constraints. It is interesting that all these problems are related to factors conditional for the implementation of computers in education. Plomp and Carleer 5261 found similar results in a study of probiems in the implementation of info~ation literacy, the Dutch variant of computer literacy. When teachers were asked to explain why they used computers in their teaching only one teacher mentioned a perceived need. This teacher used the computer in physics in school B to solve the classroom management problem registering the progress of students when they work in groups. The other teachers gave more global reasons for using the computer like: to improve students achievement, to use new teaching methods, to motivate students or to meet needs of the society.
Case study schools as compared with survey schools. The case study schools are compared with the survey schools on the integration of computers in existing subjects, by comparing the 9 teachers in the case study schools with 16 teachers of the survey schools (one per school) on variables like frequency and length of computer use, percentage of subject matter covered, instructional functions, and purpose of use. The 16 survey teachers, who are in their schools the most intensive computer using teachers at the junior level, are covering a broad range of subject matter domains: geography, biology, foreign languages (n = 5), mother tongue fn = 3), chemistry, mathematics (n = 4) and one teacher with a double certification in mathematics and mother tongue. The results reported by ~teememan [24] will be summarized.
Frequency. 1 I of the 16 survey teachers are using the computer during their lessons, 5 use computers exclusively for remedial purposes, and 2 use the computer both during their lessons and for remedial purposes. One teacher could not answer the question. Most frequencies of computer use in the case study and survey schools are in the same intervals, namely a yearly average as given in Table 3 . There are two exceptions among the survey teachers: one teacher is using the computer in almost every lesson, while another one uses the computer more than 20 times per year for testing purposes.
Average length. Most survey teachers use computers during a whole class period of 50 min, like in schools A and B; while 5 (out of the 16) survey teachers have an average length of use similar to case study school C (range 5-40 min).
Percentage subject matter covered. It apeared that teachers had di~cuIties answering this question. Two (out of 9f case study teachers, and 5 (out of 16) survey teachers felt that they could not reply to this question. The remaining teachers do not show much difference: in most cases only < IO% is covered, in a few cases a percentage between 20 and 40, while only one case study teacher and two survey teachers report that >90% of the subject matter is addressed in the courseware they are using.
Type of courseware. Table 5 summarizes the frequencies. The data suggest that in the case study in schools the computers were used most frequent as the tools in teaching and learning. However, in two of these cases it concerns teachers in mother tongue in school I3 who are using a word processing program predominantly for drill and practice purposes. As a consequence, in case study schools drift and practice is the dominant type of computer use. In survey schoots drili and practice and tutorial are the most important uses. One remark ought to be made: we classified a program as tutorial even when there is very little explanation in it. We may conclude that in both type of schools only less advanced types of courseware are used.
Only 7 teachers in the survey schools, and 1 of the 9 teachers in the case study schoofs are using two types of programs, the remaining teachers only one type. This indicates a limited integration of the computer in their curricula. Table 6 ).
Case study and survey schools do not differ much in this respect. The most important instructional functions for which computers are used are practising (doing exercises) and remedial teaching. Computers are hardly used for presentation of new subject matter. This may partly be caused by a lack of adequate courseware, but also by a lack of hardware. As long as teachers have to go to special computer labs or classrooms, computer usage will be very time consuming.
Purpose of comptuer use. The main purpose for using computers is to provide for extra practicing (mentioned by 7 of the 9 case study teachers, and by 9 of the 16 survey teachers).
In summary, the degree of integration of computers in existing subjects is very limited. Computer use has a low frequency, and is applied for small percentage of the subject matter. Most teachers in both types of schools are using one type of computer application, and mostly for just one instructional function.
We may conclude that there are no indications that the results from the case study schools cannot be generalized to the population of leading schools in The Netherlands.
Changes in the curriculum
From the results presented in the preceding sections, we conclude that computers are not yet integrated in the curriculum of leading schools, or in specific subjects in these schools. Therefore, we may not expect to find much change in the curricula. As we studied this type of changes only in the case study schools, we can only indicate very tentatively which changes occurred as a result of the limited degree of integration and experience of teachers.
In Section 1 we presented some claims about possible changes in the curriculum as a consequence of computer use as reported in the literature. One claim was that objectives would change in the direction of more attention for productive skills and that in the content of the teaching more attention would be paid to real-life problems. The contrary appeared from our analysis of the software used: less attention is being paid to productive skills and to real-life problems.
The same holds for instructional strategies: there is a claim for more inquiry oriented learning when computers are used, but the software used in the case study schools induced a more expository instructional stragtegy.
Teachers were asked about changes in the operational curriculum, that is in their instructional practices, as a consequence of computer uses. The results are summarized in Table 7 . Teachers reported that students were evaluated in the same way as before computers were used, so the aspect of student evaluation in Table 7 refers to the degree of direct feedback the students receive.
We can conclude from Table 7 that teachers reported hardly any changes, except for changes which are directly related to the use of this medium, such as changes in the grouping patterns, in the degree of feedback and in the rooms which are used. First indications for possible changes in the future are reported by several teachers. In school A, in french more attention is paid to speech practice, as the computer can take over the practising with grammar. In school B, for both subjects a change in content is reported. For the subject of mother tongue word processing is added to the curriculum, replacing some drill exercises, and for physics, the computer adds the possibility of testing connections. In school C, the changes reported for french and mathematics are due to spending more time on the topics which are taught with the computer.
In school B relatively more changes are reported than in school A and C. This is probably due to the more "sophisticated" uses of the computer, such as word processing and simulation.
We may conclude that presently teachers used the less sophisticated possibilities of the computer which is probably (partly) due to the fact that most software is teacher made. This software does not take advantage of the full possibilities of the computer as an educational medium. This means that the degree of integration on which most claims about possible effects are based, is still not realized.
DISCUSSION
From this study it appears that the leading schools have not integrated the use of computers, neither at school nor at subject level. Although the survey results[l,2] suggest a lot of activities with respect to computers in education, we see that leading schools have hardly passed the stage of grassroot developments. Given this situation, it is not surprising that we did not find much change in existing subjects as a result of the use of computers.
Due to these grassroot developments, there is a variety in what schools are doing with computers. It is not clear yet whether the national scheme in The Netherlands will result in more convergence of these activities at school level.
Another effect of grassroot developments is what might be called the disadvantage of early starters. We observed, for instance, at school C that due to their leading schools position the delivery of more advanced hardware is postponed until late starters had received their hardware.
This situation may slow down the development of computer use in such schools. Furthermore, different educational actors seem to be waiting for each other. Schools wait for teachers to start activities; teachers, however, wait for a policy at school level. Both schools and teachers are waiting for a policy at national level. The idea which is currently dominating at school is to avoid much change in the existing organization and curricula.
The innovation plans at national, as well as at school level, are merely directed at the fulfilling of some necessary conditions for computer use, such as provision of hardware, the training of a few teachers per school and providing a starter's package of software. A shortcoming of these plans is that little attention is paid to factors which are known to influence the implementation of an innovation.
It is important to realize that a real integration of computers in the curriculum comprises more than a simple innovation; it appears as a "bundle of innovations" with many components and persons involved [271. Like most innovations, the integration of computer use in the classroom covers three dimensions of change (a) the use of new hardware and software materials; (b) the use of new activities, behaviours or practices in teaching and learning; and (c) changes in beliefs and understandings [ 11. Fullan et al. [19] , building on earlier publications, present a conceptual framework with ten research-based factors affecting the implementation of new technologies as an educational innovation in schools and classrooms. Each of these factors is analysed from both a "from above"
and "up close" perspective. The first three factors are clustered as "characteristics of the innovation" itself: clarity and complexity of the innovation; consensus/conflict about the innovation; and quality/practicality of the innovation. The remaining seven factors belong to the "local conditions": central office direction, commitment and support; process for implementation and institutionalization; professional development and assistance; implementation monitoring and problem solving; principal's leadership; community support and environmental stability. A general conclusion in their study is that "using microcomputers and curriculum software in the classroom ( . . . ) represents a major and difficult change in practice for most teachers, and that effective utilization will depend on follow-through or ongoing assistance, clarification and innovation adaptation during the implementation, in addition to the availability of easy-to-use technologies, curriculum relevant software, and introductory training". Fullan et al. [19] add that "high uncertainty about the impact of the new technologies on learning outcomes and about the most effective methods of classroom use poses a major obstacle and challenge for implementation of the part of teachers and administrators". When analysing the results of our study of leading schools in The Netherlands in the context of the conclusion of Fullan et al. [19] and Plomp and van den Akker [27] , we must conclude that at the level of national policy making (on which certain conditions and facilities are provided), as well as on the school level the state of the introduction of computers in education shows many discrepancies with the recommendations from the research literature. It would be worthwhile to investigate whether applying the strategies suggested in these studies will lead to better integration of computers in the curricula of our schools.
